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(54) Encoder 

(57) An optical type encoder includes a light-emit- 
ting element, a scale, a light receiving element for 
detecting light from the scale when a light beam from 
the light-emitting element is projected onto the scale, an 
incremental signal resulting from displacement of the 
scale being obtained by detection by the light receiving 
element, two or more mark portions for producing an 
origin signal formed on the scale, and an origin detect- 
ing system for detecting the mark portions for producing 
the origin signal The rising position or the falling posi- 
tion of at least one pulse signal indicative of the origin is 
determined by the detection signals of the two or more 
mark portions for producing the origin signal by the ori- 
gin detecting system. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] This invention relates to an incrennental 
encoder for use in a highly accurate length or angle 
measuring apparatus for industry such as FA, and par- 
ticularly to an encoder for applying light to an object and io 
utilizing information of the light obtained from the object 

Related Background Art 

[0002] In a light pickup or an optical measuring 15 
apparatus in a highly accurate positioning apparatus for 
industry such as FA, there has heretofore been widely 
utilized an encoder for irradiating an object, receiving 
transmitted light through or reflected light from the 
object, and obtaining information of the object which 20 
transmits or reflects light. In the encoder, any positional 
deviation is converted into a pulse train, and this pulse 
number is counted to thereby detect the relative posi- 
tional deviation, but the absolute position is found by 
generating an origin position signal, and resetting the 25 
counter to zero by the origin signal. 
[0003] The above-described encoder is called an 
incremental encoder, and a linear encoder for detecting 
linear displacement and a rotary encoder for detecting 
rotational displacement are known. What are required 30 
of these optica! measuring apparatuses today are items 
such as downsizing and higher accuracy. 
[0004] In recent years, in the field of FA, in compli- 
ance with the requirement for higher accuracy, there 
has been adopted an encoder of the "grating interfer- 35 
ence type" which detects the generation of an incre- 
mental encoder signal by the utilization of the phase 
shift of the wave front of diffracted light by the relative 
movement of a diffraction grating. In the encoder of the 
"grating interference type", a grating of a minute pitch of 40 
the order of |Lim is utilized, and a value of sub jim is 
achieved as resolving power per pulse (period). 
[0005] In the field of the above-described detecting 
apparatus utilizing light, and particularly the field of dis- 
placement detection, the accuracy of the measurement 45 
of the origin which is the reference position has come to 
be required as higher accuracy is advanced. In the ori- 
gin detection of an incremental encoder of high resolv- 
ing power, in order to secure the same degree of 
resolving power, there has been adopted a method of so 
detecting the origin by applying to a minute slit pattern 
formed on a scale or a disc at the order of |Lim a minute 
condensed light beam of the same degree of size as the 
minute slit. 

[0006] Referring to Fig. 1 of the accompanying 55 
drawings which shows the reference position measuring 
technique of an optical type rotary encoder disclosed in 
Japanese Patent Application Laid-Open No. 2-93324, a 



ligint beam emitted from a light-emitting element ^ 
passes through a collimator lens 2, and is reflected by a 
half mirror 3, and a light beam transmitted through the 
half mirror 3 is reflected by a mirror 4, and the two light 
beams are reflected by half mirrors 5a and 5b, respec- 
tively are linearly condensed by cylindrical lenses 6a 
and 6b, and are incident on a disc 7. When the disc 7 is 
rotated and slits 8a and 8b formed on the disc 7 are irra- 
diated by the light beams, the light beams reflected by 
the slits 8a and 8b are incident on light receiving ele- 
ments 9a and 9b, and an origin signal is outputted. 
[0007] Also, Japanese Patent Application Laid- 
Open No. 3-1 15920 discloses an encoder in which slits 
are disposed while being deviated from each other. 
[0008] . In the embodiment of the origin signal of an 
optical type linear encoder disclosed in Japanese Pat- 
ent Application Laid-Open, No. 7-294214, a light beam 
emitted from a light-emitting element is incident on the 
grating portion of a scale, whereupon it is reflected and 
diffracted, and the light beam is incident on a light 
receiving element. When the scale is moved and the 
end of a slit goes beyond a portibn being irradiated by 
the light beam, the light beam is no longer incident on a 
sensor. By the above-described principle, an origin sig- 
nal is outputted. 

[0009] In the origin measuring sensor of the 
encoder according to the prior art, when the encoder 
itself is made considerably compact and higher in accu- 
racy, for example, the adjustment for making a minute 
condensed light beam for detection coincident with a 
minute slit pattern in the detection of the origin signal is 
delicate, and high accuracy is required of the mutual 
position adjustment of the scale and the measuring sen- 
sor. 

[0010] In some of highly accurate grating interfer- 
ence methods, in order to make detection accuracy 
good, a minute slit has been detected at different tim- 
ings by two light receiving elements positional ly devi- 
ated relative to each other, and an origin signal has 
been generated by the utilization of the two differential 
signals. In this case, when a method of generating a 
pulse waveform as the origin signal when the levels of 
the two signals coincide with each other is adopted, the 
origin is defined as "the edge portion of the rising (fall- 
ing) of the pulse". 

[0011] On the other hand, in an incremental 
encoder of low accuracy, usually the detection signal of 
a slit is utilized as an origin signal synchronized with the 
waveform of one of incremental signals of A and B 
phases. 

[0012] Both in the highly accurate grating interfer- 
ence methods and in the incremental encoder of low 
accuracy, there is required the production of a signal 
providing the information of the origin position which is 
better in accuracy and stable and easy to decide upon 
the pulse width. Particulariy when the incremental sig- 
nal is minute as the signal providing the information of 
the origin, there is required a signal stably having a 
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Width equa! to that of this incremental signal. Further, 
even when the output positions of the incremental signal 
and the origin information signal are deviated from each 
other as by a variation in the quantity of light of a light 
source portion, it is required that synchronism can be 5 
taken stably. 

SUMMARY OF THE INVENTION 

[0013] A first object of the present invention is to 10 
provide an encoder of a construction in which a signal of 
a pulse width equal to that of an incremental signal can 
be stably provided as a signal providing the information 
of the origin. 

[001 4] A second object of the present invention is to is 
provide an encoder in which, in addition to the forego- 
ing, synchronism between the incremental signal and 
the signal having the infomnation of the origin can be 
stably taken irrespective of any fluctuation in the quan- 
tity of light or the like. 20 
[0015] Another object of the present invention is to 
provide a rotary encoder in which a stable origin signal 
accurately synchronizable with a minute displacement 
signal irrespective of the vibration or eccentricity of a 
disc is produced and synchronized with a rotational dis- 25 
placement signal. 

[0016] Further objects of the present invention will 
become apparent from the following description of the 
embodiments of the invention. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Fig. 1 is a perspective view of a rotary encoder 35 
according to the prior art. 

Fig. 2A shows the origin detecting system of a 
rotary encoder according to Embodiment 1 . 
Fig. 2B shows the disc of the encoder used in 
Embodiment 1 . 

Fig. 3 shows a grating for an incremental signal and 

a slit for producing an origin signal. 

Fig. 4 shows the relation between a detection beam 

and the slit for producing the original signal. 

Fig. 5 shows signal outputs of Za phase and Zb 45 

phase. 

Fig, 6 shows the relative relation between the sig- 
nals of Za phase and Zb phase. 
Fig. 7 shows Z signal of origin detection and the A 
signal of the incremental signal. so 
Fig. 8 shows the B signal of the incremental signal. 
Fig. 9 shows the origin detecting system of a linear 
encoder according to Embodiment 2. 
Fig. 10 shows the scale of the encoder used in 
Embodiments 2 and 3. 55 
Fig. 1 1 shows the origin detecting system of a linear 
encoder according to Embodiment 3. 
Fig. 12 shows the origin detecting system of a linear 



encoder according to Embodiment 4. 

Fig. 13 shows the scale of the encoder used in 

Embodiment 4. 

Fig. 14 shows a grating for detecting the incremen- 
tal signal and a slit for producing an origin signal. 
Fig. 15 shows the relation between a detection 
beam and the slit for producing the origin signal. 
Fig. 16 shows signal outputs of Za phase and Zb 
phase. 

Rg. 1 7 shows the relative relation between signals 
of Zai phase to Zb2 phase. 

Fig. 1 8 shows Z signal of origin detection and the A 
signal of an incremental signal. 
Fig. 19 shows the B signal of the incremental sig- 
nal. 

Fig. 20 shows the origin detecting system of a 
rotary encoder according to Embodiment 5. 
Fig. 21 shows the disc of the encoder used in 
Embodiments 5 and 6. 

Fig. 22 shows a grating for detecting an incremental 
signal and a slit for producing an origin signal. 
Fig. 23 shows the relation between a detection 
beam and the slit for the origin signal. 
Fig. 24 shows the relative relation between signals 
of Za1 phase to Zb2 phase- 
Fig. 25 shows Z signal of origin detection and the A 
signal of an incremental signal. 
Fig. 26 shows the B signal of the incremental sig- 
nal. 

Fig. 27 shows the origin detecting system of a 

rotary encoder according to Embodiment 6. 

Fig. 28 shows the origin detecting system of a 

rotary encoder according to Embodiment 7. 

Fig. 29 shows the disc of the encoder used in 

Embodiment 7. 

Fig. 30 shows a grating for detecting an incremental 
signal and a slit for producing an origin signal. 
Rg. 31 shows the relation between a detection 
beam and the slit for producing the origin signal. 
Fig. 32 shows signal outputs of Za1 phase to Zb2 
phase. 

Fig. 33 shows the relative relation between the sig- 
nals of Zai phase to Zb2 phase. 
Fig. 34 shows Z signal of origin detection and the A 
signal of an incremental signal. 
Rg. 35 shows the B signal of the incremental sig- 
nal. 

Fig. 36 shows the origin detecting system of a linear 
encoder according to Embodiment 8, 
Fig. 37 shows the scale of the encoder used in 
Embodiment 8. 

Fig. 38 shows the origin detecting system of a linear 

encoder according to Embodiment 9. 

Fig. 39 shows the relation between a detection 

beam and a slit for producing an origin signal. 

Rg. 40 shows the origin detecting system of a linear 

encoder according to Embodiment 10. 

Fig. 41 shows the shape of a detection beam in 
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Embodiment 1 0. 

Fig. 42 shows slits for producing an origin signal in 
a modification of Embodiment 10. 
Fig. 43 shows the origin detecting system of a 
rotary encoder according to Embodiment 1 1 . 
Fig. 44 shows the signal outputs and processing 
waveforms of Embodiment 11. 
Fig. 45 shows an origin signal producing process- 
ing circuit in Embodiment 11. 
Rg. 46 is a perspective view of an optical type 
rotary encoder according to Embodiment 12. 
Fig. 47 is a plan view of a disc. 
Fig. 48 is an illustration of the position relation 
between a slit and a light beam. 
Rg. 49 Is a graph of the outputs of a two-division 
sensor. 

Fig. 50 is an illustration of slits for detecting the ori- 
gin and gratings for a rotational displacement sig- 
nal. 

Figs. 51 A, 51 B and 51 C are graphs of output sig- 
nals. 

Fig. 52 is a perspective view of the eccentricity of a 
disc. 

Fig. 53 is an illustration of the positional relation 
between an origin mark and a light beam. 
Figs. 54A, 54B and 54C are graphs of output sig- 
nals by eccentricity. 

Rg. 55 is a perspective view of Embodiment 13. 
Fig. 56 is a plan view of a disc. 
Rg. 57 is a perspective view of Embodiment 14. 
Rg. 58 Is a plan view of a disc. 
Rg. 59 is an illustration of slits for detecting the ori- 
gin and gratings for a rotational displacement sig- 
nal. 

Figs. 60 A, 608 and 60C are graphs of output sig- 
nals. 

Rg. 61 is a perspective view of Embodiment 15. 
Rg. 62 is a plan view of a disc. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] Fig. 2A shows the construction of the origin 
measuring sensor of an optical type rotary encoder 
according to Embodiment 1 of the present invention. 
Fig. 28 shows a disc in Embodiment 1, and Fig. 3 
shows a slit for producing an origin signal. 
[0019] In Fig. 2A, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference numeral 3 designates a disc pro- 
vided with a grating for a main signal and a slit for an ori- 
gin signal, reference numeral 4 denotes a cylindrical 
lens for condensing a light beam into a linear shape, ref- 
erence numeral 5 designates a slit for producing an ori- 
gin signal, and reference numeral 6 denotes a light 
receiving element. Also, is Fig. 3, reference numeral 7 
designates a grating portion for detecting a position dis- 
placement signal, i.e., detecting an incremental signal, 



on' the disc 3. The detecting portion of the grating for 
detecting the incremental signal is known and therefore 
is not shown, 

[0020] A light beam emitted from the light-emitting 
5 element 1 is bent by the half mirror 2 and enters the 
cylindrical lens 4. The cylindrical lens 4 is disposed so 
that the longitudinal (extending) direction of the light 
beam condensed by the cylindrical lens 4 coincides with 
the lengthwise direction of the slit 5 for the origin. Rg. 4 
10 shows the state of the light beam incident on the disc 3, 
and reference numeral 10 in Fig. 4 designates the light 
beam condensed by the cylindrical lens 4. When the 
disc is rotated and the slit for producing the origin signal 
is moved to the irradiated position of the light beam from 
15 left to right as shown in Fig. 4, the light beam reflected 
by the slit is incident on the sensor 6 which is a light 
receiving element, and an output for the origin signal is 
obtained. 

[0021] Fig. 5 shows sensor outputs corresponding 
20 to Fig. 4. When as shown in Fig. 3, P is the pitch of the 
slit for detecting the incremental signal, the present 
embodiment is characterized in that the slit 5 for produc- 
ing the origin signal is divided into two, which are dis- 
posed while being deviated by P/6 from each other. 
25 [0022] The light beam for producing the origin sig- 
nal is applied so as to substantially equally spread over 
both of the slits divided into two. When here, the sensor 
6 is made into a two-division sensor and each sensor is 
disposed so as to correspond to each of the slits for pro- 
30 ducing the origin signal which are divided into two, the 
output from each sensor becomes the signal of Fig. 5 
wherein the phases of Za phase and Zb phase are 
shifted by P/6, At in tenns of time, and AL in terms of 
distance. 

35 [0023] When by the use of two origin signals Za and 
Zb, as shown In Fig. 6, a rectangular wave origin signal 
is made at a threshold value voltage Vc, there can be 
formed the Z signal (pulse signal) of Fig. 7 in which the 
rectangular portion becomes P/6. 

40 [0024] The detection of the incremental signal is 
performed by a detecting system, not shown, on the 
basis of a principle similar to that of Japanese Patent 
Application Laid-Open No. 2-93324, and as shown in 
Fig. 8, the incremental signal becomes an incremental 

45 signal (position displacement signal) B of a sine wave of 
1/4 of the grating pitch P. When a rectangular wave sig- 
nal is made from the position displacement signal B of 
Fig: 8, it becomes the A signal of Fig. 7, and when the 
logic sum is taken by the A signal and the Z signal of a 

50 pulse width roughly equal to that thereof and this is 
newly made into an origin signal, the synchronism 
between the incremental signal which has become a 
rectangular wave signal and the origin signal can be 
taken. 

55 [0025] Embodiment 1 has the following characteris- 
tics: 

1-1) In spite of a very simple construction in which 
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an origin detecting optical system is only required, 
accurate synchronism between the position dis- 
placement signal which has become a rectangular 
wave signal and the origin signal can be taken. 
1-2) Since the slit for producing the origin signal is s 
contrived, an improvement in the detection accu- 
racy of the origin position of the encoder can be 
achieved by almost the similar construction as that 
of the prior art. 

1-3) Since the construction of the optical system io 
hardly differs from that of the prior art, low-cost 
manufacture having the ease of assembly equal to 
that of the prior art is possible. 
1 -4) By varying the threshold value Vc necessary to 
make a rectangular wave from the origin signals 2a 15 
and Zb, the synchronizing adjustment with the 
incremental signal can be effected simply. 



[0026] Fig. 9 shows the construction of the origin 
measuring sensor of an optical type linear encoder 20 
according to Embodiment 2 of the present invention. 
Fig. 1 0 shows a scale plate in Embodiment 2. The slit for 
producing the origin signal is similar to that in Fig. 3. For 
the sake of description, the same constituent members 
as those in the previous embodiment are designated by 25 
the same reference characters. 

[0027] In Fig. 9, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes half 
mirrors, reference character 3a designates a scale pro- 
vided with a grating for an incremental signal and a slit 30 
for an origin signal, reference numeral 4 denotes a cylin- 
drical lens for condensing a light beam into a linear 
shape, reference numeral 5 designates a slit for produc- 
ing an origin signal, reference numeral 6 denotes a light 
receiving element, and reference numeral 7 designates 35 
a grating portion for detecting position displacement on 
the scale 3a. 

[0028] A light beam emitted from the light-emitting 
element 1 has its optical path divided by half mirrors 2a 
and 2b. The light beam transmitted through the. half mir- 40 
ror2a is directly directed toward the grating portion 7 for 
the incremental signal. An incremental signal detecting 
system is known and therefore is not shown. The light 
beam reflected by the half mirror 2a and further 
reflected by the half mirror 2b enters the cylindrical lens 45 
4, The cylindrical lens 4 is disposed so that the length- 
wise direction of the light beam condensed by the cylin- 
drical lens 4 coincides with the lengthwise direction of 
the slit 5 for producing the origin signal. The state of the 
light beam entering the slit 5 is similar to that in Fig. 4, 50 
and reference numeral 10 in Fig. 4 designates the light 
beam condensed by the cylindrical lens 4. When the 
scale 3a is moved and the slit for producing the origin 
signal is moved to the irradiated position of the light 
beam from left to right, the light beam reflected by the 55 
slit enters the sensor 6 which is a light receiving ele- 
ment, and an origin output is obtained. 
[0029] Again the present embodiment Is character- 



ized in that the slit for producing the origin signal is 
divided Into two deviated by P/6 from each other, and 
the light beam for detecting the origin signal is applied 
so as to substantially equally spread over both of the 
slits divided into two. The sensor 6 is a two-division sen- 
sor corresponding to each of the slits for producing the 
origin signal which are divided into two, and as indicated 
by the Za phase and Zb phase of Fig. 5, the origin signal 
becomes a signal of which the phase is shifted by P/6, 
At in terms of time and AL in terms of distance. 
[0030] When in Fig. 6, by the use of the threshold 
value voltage Vc, a rectangular wave origin signal is 
made from two origin signals Za and Zb, there can be 
formed the Z signal of Fig. 7 in which the rectangular 
portion becomes P/6. 

[0031] The incremental signal (position displace- 
ment signal) is taken out by a detecting system, not 
shown, on the basis of a known principle similar to that 
in Japanese Patent Application Laid-Open No. 2-93324. 
and becomes an incremental signal B of a sine wave of 
1/4 of the grating pitch P shown in Fig. 8, and the A sig- 
nal of the rectangular wave of Fig. 7 is produced. When 
the logic sum is taken by the A signal and the Z signal 
and this is newly made into an origin signal, synchro- 
nism between the incremental signal which has become 
a rectangular wave signal and the origin signal can be 
taken. 

[0032] Embodiment 2, in addition to the effect of 
Embodiment 1 , has the effect that the slit for detecting 
the origin provided on the scale 3a can be set at any 
position and therefore, the origin signal can be obtained 
at any position and the threshold value Vc used when a 
rectangular wave is produced from origin signals of Za 
phase and Zb phase is varied, whereby the position at 
which the origin position signal is outputted can be 
adjusted easily. 

[0033] Fig. 1 1 shows the construction of the origin 
measuring sensor of an optical type linear encoder 
according to Embodiments of the present invention. For 
the convenience of description, the same constituent 
members as those in the previous embodiment are des- 
ignated by the same reference characters, 
[0034] In Rg. 11, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes half 
mirrors, reference character 3a' designates a scale pro- 
vided with a grating for an incremental signal and a slit 
for producing an origin signal, and reference character 
4a denotes a dividing Fresne! lens having the action of 
a cylindrical lens of dividing an incident light beam into 
two which is a feature of the present embodiment, and 
converting the incident light beam Into two linear beams 
shifted in a direction perpendicular to a slit line direction. 
Reference character 5a designates a slit for producing 
an origin signal, reference numeral 6 denotes a light 
receiving element, and reference numeral 7 designates 
a grating portion for an incremental signal on the scale 
3a'. 

[0035] A light beam emitted from the light-emitting 
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element 1 has its optical path divided by the half mirrors 
2a and 2b. The light beam transmitted through the half 
mirror 2a is directly directed toward the grating portion 7 
for the incremental signal. An incremental signal detect- 
ing system is known and therefore is not shown. 5 
[0036] The light beam reflected by the half mirror 2a 
and further reflected by the half mirror 2b enters the 
dividing Fresnel lens 4a, and is condensed onto the ori- 
gin signal producing slit 5a having the shape of a simple 
line. The dividing Fresnel lens 4a is comprised of two 10 
Fresnel lenses 4a1 and 4a2. The Fresnel lenses 4a1 
and 4a2 are Fresnel lenses having the action of a cylin- 
drical lens, and form beams of a shape extending in the 
same direction as the lengthwise direction of the origin 
signal producing slit 5a at the position of this slit 5a. The rs 
beams condensed by Fresnel lenses 4a1 and 4a2 are 
shifted each other in a direction perpendicular to the 
lengthwise direction of the slit 5a. Accordingly, as shown 
in Fig. 11 . the slit 5a is of a shape of a straight line while 
the light beams incident on the slit 5a are shifted each 20 
other, conversely to Fig. 4. When the scale 3a' is moved 
and the origin signal producing slit 5a is moved rela- 
tively to the beam irradiated position from left to right, 
the light beam reflected by the slit enters the sensor 6 
which is a light receiving element, and an origin output 25 
is obtained. 

[0037] The present embodiment is characterized in 
that when the pitch of the grating for forming* an incre- 
mental signal is P, the two light beams by the dividing 
Fresnel lens 4a are formed while being shifted each 30 
other by P/6, and are applied so as to substantially 
equally spread over the origin signal producing slit. The 
sensor 6 is a two-division sensor corresponding to each 
of the light beams divided into two, and the signal 
thereof becomes a signal in which the phases indicated 35 
by the Za phase and Zb phase of Fig. 5 are shifted by 
P/6, At in terms of time and AL in terms of distance. 
When as shown in Fig. 6, by the use of the threshold 
value voltage Vc, a rectangular wave origin signal is 
made from two origin signals Za and Zb, the Z signal of 40 
Fig. 7 of which the rectangular portion is P/6 can be 
formed, and the subsequent signal processing using the 
incremental signal A in the same as that in Embodiment 
2: 

[0038] In Embodiment 3, contrivance is done in the 45 
shape of' a light beam and therefore, in addition to the 
effect of the previous embodiment, there is the effect 
that the conventional single slit is also usable, since the 
slit provided on the scale 3a' is of a shape of straight 
line. 50 
[0039] Fig. 12 shows the construction of the origin 
measuring sensor -of an optical type linear encoder 
according to Embodiment 4 oi the present invention. 
Fig. 13 shows a scale plate in Embodiment 4, and Fig. 
14 shows an origin signal measuring slit, and for the 55 
convenience of description, the same constituent mem- 
bers as those in the previous embodiment are desig- 
nated by the same reference characters. 



[00140] In Fig. 12, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes half 
mirrors, reference character 3b designates a scale pro- 
vided with a grating for an incremental signal and a slit 
for an origin signal, reference numeral 4 denotes a cylin- 
drical lens for condensing a light beam into a linear 
shape, reference character 5b designates a slit for pro- 
ducing an origin signal, reference character 6b denotes 
a light receiving element, and reference numeral 7 des- 
ignates a grating portion for the incremental signal on 
the scale 3b. 

[0041] A light beam emitted from the light-emitting 
element 1 has its optical path divided by the half mirrors 
2a and 2b. The light beam transmitted through the half 
mirror 2 is directly directed toward the grating portion 7 
for the incremental signal. The incremental signal 
detecting system is known and therefore is not shown. 
[0042] The light beam reflected by the half mirror 2a 
and further reflected by the half mirror 2b is incident on 
the cylindrical lens 4. The cylindrical lens 4 is disposed 
so that the lengthwise direction of the condensed light 
beam coincides with the lengthwise direction of the slit 
5b for producing the origin signal. 
[0043] The present embodiment is characterized in 
that the slit 5b for producing the origin signal is of a 
shape divided into four. When as shown in Fig. 14, the 
uppermost slit is regarded as the reference, the disposi- 
tion is such that the second slit is deviated by -X • Pb , 
the third slit is deviated by L and the fourth slit is devi- 
ated by L-X • Pb . The first slit and the second slit form 
a pair, and the third slit and the fourth slit form a pair and 
thus, the slit for producing the origin signal is comprised 
of two groups. The deviation between the slits in the 
same group corresponds to X • Pb, and the deviation 
between the groups corresponds to L. It is to be under- 
stood hereinafter that the second slit is named Za1 , the 
first slit is named Za2, the fourth slit is named Zbl and 
the third slit is named Zb2, and these are made to cor- 
respond to the phases of signals which will be 
described later. Pb indicates the pitch of a sine wave 
signal obtained from the incremental signal, and X is a 
proportion constant indicative of the rate of the deviation 
to the pitch. 

[0044] Fig. 15 shows the state of the light beam 
incident on the slit 5b, and reference numeral 10 in Fig. 
1 5 designates the light beam condensed by the cylindri- 
cal lens 4. The light beam for producing the origin signal 
is applied so as to substantially equally spread over the 
whole of the slit 5b divided into four. When the scale 3b 
is moved and the slit for detecting the origin signal is 
moved relatively to the beam irradiated position from left 
to right, the light beam reflected by the slit enters the 
sensor 6b which is a light receiving element. The sensor 
6b is a four-division sensor corresponding to the slit for 
detecting the origin divided into four, and outputs origin 
signals of Zai phase, Za2 phase, Zb1 phase and Zb2 
phase shown in Fig. 1 6. 

[0045] From Fig. 16, the signals indicated by Zai 
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phase and Za2 phase, and the signals indicated by'Zbl 
phase and Zb2 phase are signals deviated from each 
other by X • Pb in terms of distance, and the signals indi- 
cated by Zai phase and Zbl phase, and the signals 
indicated by Za2 phase and Zb2 phase are signals devi- 5 
ated from each other by L in terms of distance. When as 
shown in Fig. 17, in the four origin signals (Zai, Za2, 
Zbl , Zb2) a rectangular wave origin signal is made with 
a position at which the signal output of Za1 phase and 
Zbl phase and the signal output of Za2 phase and Zb2 ro 
phase become equal to each other, there can be formed 
the Z signal of Fig. 1 8 in which the rectangular portion is 
X • Pb. 

[0046] Assuming that an incremental signal B is a 
sine wave having a pitch Pb as shown in Fig. 19, and 15 
when a rectangular wave signal is made from the signal 
B, the A signal of Fig. 1 8 is formed. When the logic sum 
is taken by the A signal and Z signal of Fig. 1 8 and this 
is newly made into an origin signal, the synchronism 
between the incremental signal which has become a 20 
rectangular wave signal and the origin signal can be 
taken. 

[0047] To take the synchronism between the Z sig- 
nal and the incremental signal, the rectangular portion 
X • Pb of the rectangular wave origin signal must be set 25 
so as to have a width equal to, and specifically greater 
than that of the rectangular portion of a rectangular 
wave signal A made from a position displacement sig- 
nal, and not to overlap the neighboring rectangular por- 
tion of the A signal. Accordingly, the magnitude of X • Pb 30 
need be set to between 0.5Pb to 1 .5Pb. 
[0048] Assuming that the detection of the incremen- 
tal signal is the same as that in Japanese Patent Appli- 
cation Laid-open No. 5-15783, the period Pb of the 
position displacement signal is 0.7 |j.m relative to the 35 
pitch 2.8 Jim of the grating for the position displacement 
signal. Assuming here that X = 1, the slit deviation of 
Fig. 14 is 0.7 |Lim. Further, assuming that L = 3.0 ^im, 
there are obtained four signals which are out of phase 
by 0.7 |uim, 3.0 jiim and 3.7 fim with respect to the first 40 
Zai signal, and Z signal of a rectangular wave can be 
made. 

[0049] In Embodiment 4, the rectangular wave Z 
phase signal of the origin signal overlaps only a rectan- 
gular wave signal produced from the incremental signal 45 
and does not overlap a plurality of signals and therefore, 
there is the effect that synchronism can be reliably taken 
with the incremental signal and the reproducibility of Z 
phase can be enhanced. 

[0050] Fig. 20 shows the construction of the origin so 
measuring sensor of an optical type rotary encoder 
according to Embodiment 5 of the present invention. 
Fig. 21 shows a disc in Embodiment 5, and Fig. 22 
shows an origin signal measuring slit and a light beam 
applied to the slit. For the convenience of description, 55 
the same constituent members as those in the previous 
embodiment are designated by the same reference 
characters. 
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[0051] In Fig. 20, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference character 3c designates a disc 
provided with a grating for an incremental signal and a 
slit for producing an origin signal, reference character 4c 
denotes a dividing cylindrical lens for condensing a light 
beam into two linear beams, reference character 5c 
designates a slit for producing an origin signal, refer- 
ence character 6c denotes a light receiving element, 
and reference numeral 7 designates a grating portion 
for the incremental signal on the disc 3c. 
[0052] A light beam emitted from the light-emitting 
element 1 is bent by the half mirror 2, and enters the 
dividing cylindrical lens 4c. The dividing cylindrical lens 
4c is comprised of two cylindrical lenses 4c1 and 4c2, 
and forms a light beam extending in the same direction 
as the lengthwise direction of the slit 5c for producing 
the origin signal at the position of this slit 5c. The cylin- 
drical lenses 4c1 and 4c2 condense the light beams 
with a deviation of 6P in a direction perpendicular to the 
lengthwise direction of the slit 5c and further, the value 
of SP is adjustable as a variable amount. 
[0053] The slit 5c for producing the origin signal is 
of a shape divided into four. When as shown in Fig, 22, 
the uppermost slit is regarded as the reference, the dis- 
position is such that the second slit is deviated by L, the 
third slit is deviated by -X • Pb and the fourth slit is devi- 
ated by L-X • Pb . The first slit and the second slit form 
a pair, and the third slit and the fourth slit form a pair. It 
is to be understood that the third slit is named Zai , the 
first slit is named Za2, the fourth slit is named Zb1 and 
the second slit is named Zb2, and these are made to 
correspond to the phases of signals which will be 
described later. Pb indicates the pitch of a sine wave 
signal obtained from the incremental signal, and X is a 
proportion constant indicative of the rate of the deviation 
to the pitch. 

[0054] Fig. 22 shows the state of the light beam 

incident on the slit 5c. Reference numeral 10 in Fig. 22 
denotes the light beam condensed by the dividing cylin- 
drical lens 4c, and the light beam 10c1 formed by the 
cylindrical lens 4c1 and the light beam 10c2 formed by 
the cylindrical lens 4c2 are .deviated by 5P from each 
other The light beam lOcI for producing the origin sig- 
nal corresponds to Zai and Zbl, and the light beam 
10c2 corresponds to Za2 and Zb2, and these light 
beams are applied so as to substantially equally spread 
over the con-esponding slits. When the disc 3c is moved 
and as shown in Rg. 23, the slit for producing the origin 
signals is moved relatively to the beam irradiated posi- 
tion from left to right, the light beam reflected by the slit 
enters the sensor 6b which is a light receiving element. 
The sensor 6b is a four-division sensor and corre- 
sponds to each of the slits for producing the origin sig- 
nals which are divided into four, and outputs origin 
signals of Zai phase, Za2 phase, Zb1 phase and Zb2 
phase shown in Fig. 24. 

[0055] Fig. 24 first shows a case where 5P = 0. 
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When 5P = 0, the signals indicated by Zai phase and ' 
Za2 phase, and the signals indicated by Zbl phase and 
Zb2 phase become signals deviated from each other by 
X • Pb in terms of distance, and the signals indicated by 
Zai phase and Zbl phase, and the signals indicated by 
Za2 phase and Zb2 phase become signals deviated 
from each other by L in terms of distance. When in the 
four origin signals Zai, Za2, Zbl, Zb2, a rectangular 
wave origin signal is made with a position at which the 
signal output of Za1 phase and Zb1 phase and the sig- 
nal output of Za2 phase and Zb2 phase become equal 
to each other, there can be formed the Z signal of Fig. 
25 in which the rectangular portion is X • Pb. When the 
deviation of 5P between the light beams 10c1 and 10c2 
is introduced, the signal of Za2 phase and Zb2 phase 
creates the deviation of 5P relative to the signal of Zai 
phase and Zbl phase, as indicated by arrow, and the 
width of the rectangular portion of the Z signal becomes 
X- Pb + 5P. 

[0056] When the incremental signal B is made into 
a sine wave having a pitch Pb as shown in Fig. 26 and a 
rectangular wave signal is made from the B signal, the 
A signal of Fig, 25 is formed. When the logic sum is 
taken by the A signal and Z signal of Fig. 25 and this is 
newly made into an origin signal, the synchronism 
between the incremental signal which has become a 
rectangular wave signal and the origin signal can be 
taken. 

[0057] In the present embodiment, by the deviation 
5P between the cylindrical lenses 4c1 and 4c2 being 
newly introduced, the produced position of the rectan- 
gular wave origin signal and the size of the rectangular 
portion can be optically adjusted and a desired rectan- 
gular wave origin signal can be obtained. The subse- 
quent signal processing is the same as that in 
Embodiment 4, and for example, the magnitude of 
X • Pb is set within a range of 0.5 Pb to 1 .5 Pb. 
[0058] In Embodiment 5, the size of the rectangular 
portion of the rectangular wave Z phase signal of the 
origin signal can be adjusted and therefore, an origin 
signal sufficient to cope with even a case where the 
incremental signal is deteriorated by a variation or the 
like in the light source can be produced. Also, not only 
the size of the rectangular wave origin signal but also 
the output position thereof can be adjusted by 5P and 
therefore, assembly becomes easy. Also, synchronism 
can be reliably taken with the incremental signal, 
whereby the reproducibility of the Z phase can be 
enhanced. 

[0059] Fig. 27 shows the construction of the origin 
measuring sensor of an optical type rotary' encoder 
according to Embodiment 6 of the present invention. 
The disc is similar to that shown in Fig. 21 , and the orig- 
inal signal measuring slit and the light beam applied 
thereto are similar to those shown in Fig. 22. For the 
convenience of description, in Fig. 27, the same constit- 
uent members as those in the previous embodiment are 
designated by the same reference characters. 



[Odeo] In Fig. 27, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference character 3c designates a disc 
provided with a grating for an incremental signal and a 

5 slit for producing an origin signal, reference character 
4d denotes a dividing Fresnel lens for condensing a light 
beam into two linear beams, reference character 5c 
designates a slit for producing an origin signal, refer- 
ence character 6c denotes a light receiving element, 

10 and reference numeral 7 designates a grating portion 
for the incremental signal on the disc 3c. 
[0061] A light beam emitted from the light- emitting 
element 1 is bent by the half mirror 2, and is incident on 
the dividing Fresnel lens 4d. The dividing Fresnel lens 

75 4d is comprised of two Fresnel lenses 4d1 and 4d2 hav- 
ing the action of a cylindrical lens, and forms light 
beams lOcI and 10c2 extending in the same direction 
as the lengthwise direction of the slit 5c for producing 
the origin signal at the position of this slit 5c. The Fres- 

20 nel lenses 4d1 and 4d2 condense the light beam with a 
deviation of 8P in a direction perpendicular to the 
lengthwise direction of the slit 5c, and further the value 
of 5P is adjustable as a variable amount. 
[0062] In the present embodiment, the construction 

25 of the slit 5c and the relation between the light beams 
lOcI and 10c2 formed by the Fresnel lenses 4d1 and 
4d2 are the same as those in Embodiment 5 and there- 
fore, the subsequent signal output and signal process- 
ing are also the same as those in Embodinnent 5. 

30 Accordingly, the action of the amount of deviation 5P 
and setting the magnitude of X • Pb within a range of 
0.5Pb to 1.5Pb are also similar to those in Embodiment 
5. 

[0063] Embodiment 6 uses the Fresnel lenses and 

35 therefore has the feature that downsizing is possible 
and the construction of the optical system is easy. 
[0064] Fig. 28 shows the construction of the original 
measuring sensor of an optical type rotary encoder 
according to Embodiment 7 of the present invention. 

40 Fig. 29 shows a disc in Embodiment 7, and Fig. 30 
shows a slit for measuring an original signal, and for the 
convenience of description, the same constituent mem- 
bers as those in the previous embodiment are desig- 
nated by the same reference characters. 

45 [0065] In Fig. 28, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference character 3e designates a disc 
provided with a grating for an incremental signal and a 
slit for producing an origin signal, reference numeral 4 

50 denotes a cylindrical lens for condensing a light beam 
into a linear shape, reference character 5e designates a 
slit for producing an origin signal, reference character 
6e denotes a light receiving element, and reference 
numeral 7 designates a grating portion for the incre- 

55 mental signal on the disc 3e. The detecting portion for 
detecting the incremental signal of the grating is known 
and therefore is not shown. 

[0066] A light beam emitted from the light-emitting 
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element is bent by the half mirror 2 and is inciden't on 
the cylindrical lens 4. The cylindrical lens 4 is disposed 
so that the condensed light beam extends in the same 
direction as the lengthwise direction of the slit 5e for the 
origin signal. 5 
[0067] As shown in Fig. 30, the slit 5e for producing 
the origin signal having a shape divided into four is dis- 
posed near a grating with a pitch P for detection of posi- 
tional displacement. The structure of the slit 5e is such 
that when the uppermost slit is regarded as the refer- to 
ence, the second slit is deviated by -P/6, the third slit is 
deviated by L and the fourth slit is deviated by L-P/6 . 
The first slit and the second slit form a pair, and the third 
slit and the fourth slit form a pair. It is to be understood 
that the second slit is named Zai , the first slit is named 15 
2a2, the fourth slit is named Zbl and the third slit is 
named Zb2, and these are made to correspond to the 
phases of signals which will be described later. 
[0068] Fig. 31 shows the state of the light beam 
incident on the slit 5e, and reference numeral 10 desig- 20 
nates the light beam condensed by the cylindrical lens 
4. The light beam 10 for producing the origin signal is 
applied so as to substantially equal spread over the slits 
Zai, Za2, Zbl, Zb2 constituting the slit 5e. When the 
disc 3e is moved and as shown in Fig. 31, the slit for 25 
producing the origin signal is moved relatively to the 
beam irradiated position from left to right, the light beam 
reflected by the slit enters the sensor 6e which is a light 
receiving element. The sensor 6e is a four-division sen- 
sor corresponding to each of the slits for producing the 30 
origin signal which are divided into four, and outputs ori- 
gin signals of Zai phase, 2a2 phase, Zbl phase and 
Zb2 phase shown in Fig. 32. 

[0069] From Fig. 32, the signals indicated by Zai 
phase and Za2 phase and the signals indicated by Zbl 35 
phase and Zb2 phase are signals deviated from each 
other by P/6 in terms of distance, and the signals indi- 
cated by Zai phase and Zb1 phase and the signals indi- 
cated by Za2 phase and Zb2 phase become signals 
deviated from each other by L in terms of distance. 40 
When as shown in Fig. 33, in the four origin signals Za1 , 
Za2, Zb1 , 2b2, the differentials between 2a1 phase and 
Zbl phase and between Za2 phase and Zb2 phase are 
taken and a rectangular wave origin signal is made with 
a position at which the signal outputs of the two become 45 
equal to each other, there can be formed the Z signal of 
Fig. 34 in which the rectangular portion is P/6. 
[0070] The incremental signal is taken out by a 
detecting system, not shown, on the basis of a principle 
similar to that of Japanese Patent Application Laid- so 
Open No. 2-93324, and becomes an incremental signal 
B of a sine wave of 1/4 of the grating pitch P as shown 
in Fig, 35. When a rectangular wave signal is made from 
the incremental signal B, it becomes A signal of which 
the rectangular portion is P/8 as shown in Fig. 34, and 55 
when the logic sum is taken by A signal and Z signal 
and this is newly made into an origin signal, the syn- 
chronism between the incremental signal which has 



become a rectangular wave signal and the origin signal 
can be taken. 

[0071] The effect of Embodiment 7 is similar to that 
of Embodiment 1 , but since the slit 5e for the reference 
is comprised of four portions, the original signal from 
which the rectangular wave signal Z is made can be 
made by the differentiai, as compared with Embodiment 
1, and therefore, there is the effect that even if a varia- 
tion in quantity of light occurs to the light source, output- 
ting can always be done at a constant position and an 
origin signal of good accuracy is produced. 
[0072] Fig. 36 shows the construction of the origin 
measuring sensor of an optical type linear encoder 
according to Embodiment 8 of the present invention. 
Fig. 37 shows a scale plate and a slit for producing an 
origin signal in Embodiment 8- For the convenience of 
description, the same constituent members as those in 
the previous embodiment are designated by the same 
reference characters. 

[0073] In Rg. 36, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes half 
mirrors, reference character 3f designates a scale pro- 
vided with a grating for an incremental signal and a slit 
for producing an origin signal, reference numeral 4 
denotes a cylindrical lens for condensing a light beam 
into a linear shape, reference character 5e designates a 
slit for producing an origin signal, reference character 
6e denotes a light receiving element divided into four, 
and reference numeral 7 designates a grating portion 
for the incremental signal on the scale 3f, 
[0074] A light beam emitted from the light-emitting 
element 1 has its optical path divided by the half mirrors 
2a and 2b. The light beam transmitted through the half 
mirror 2a is directly directed toward the grating portion 7 
for the incremental signal. The incremental signal 
detecting system is known and therefore is not shown. 
The light beam reflected by the half mirror 2a and fur- 
ther reflected by the half mirror 2b is incident on the 
cylindrical lens 4. The cylindrical lens 4 is disposed so 
that the lengthwise direction of the condensed light 
beam coincides with the lengthwise direction of the 5e 
for the origin. 

[0075] The slit 5e for producing the origin signal in 
Embodiment 8 is of the same shape as that in Embodi- 
ment 7, and the shape of an irradiation beam formed by 
the cylindrical lens 4 is also of the same shape as that 
in Embodiment 7 and therefore, the mechanism of the 
subsequent signal generation and the signal processing 
system are the same as those in Embodiment 7. 
Accordingly, when the differential among four origin sig- 
nals Zai , Za2, Zbl , Zb2 is taken to make a rectangular 
wave origin signal, there can be formed the Z signal of 
Fig. 34 in which the rectangular portion is P/6. Subse- 
quently, when the logic sum of A signal having a rectan- 
gular portion of P/8 made from an incremental signal B 
of a sine wave of 1/4 of the grating pitch P and Z signal 
is taken and this is newly made into an origin signal, the 
synchronism between the incremental signal which has 
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become a rectangular wave signal and the origin signal 
can be tal<en. 

[0076] The effects obtained by the ennbodiment 8 is 
same as those in the embodiment 2. On the other hand, 
according to the embodiment 8, since the slit for produc- 
ing the origin signal is composed of four segments and 
the signals by which the rectangular wave signal Z is 
produced can be made by the differential, there are 
obtained effects that the output can be always executed 
at a fixed position even in case of change in light 
amount of the light source and quite precise origin sig- 
nal can be produced. 

[0077] Fig. 38 shows the construction of the origin 
measuring sensor of an optical type rotary encoder 
according to Embodiment 9 of the present invention. 
Fig. 39 shows a slit for producing an origin signal and a 
light beam applied to the slit, and for the convenience of 
description, the same constituent members as those in 
the previous embodiment are designated by the same 
reference characters. The grating portion 7 is arranged 
similarly to that shown in Fig. 21 , and so, not shown. 
[0078] In Fig. 38, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference character 3g designates a disc 
provided with a grating for an incremental signal and a 
slit for producing an origin signal, reference character 
4g denotes a dividing Fresnel lens for condensing a light 
beam into two linear beams, reference character 5g 
designates a slit for producing an origin signal, refer- 
ence character 6g denotes a light receiving element 
divided into four, and reference numeral 7 designates a 
grating portion for the incremental signal on the disc 3g. 
[0079] A light beam emitted from the light-emitting 
element 1 is bent by the half mirror 2, and is incident on 
the dividing Fresnel lens 4g. The dividing Fresnel lens 
4g is comprised of two Fresnel lenses 4g1 and 4g2 hav- 
ing the action of a cylindrical lens, and forms a light 
beam extending in the same direction as the lengthwise 
direction of the slit 5g for producing the origin signal at 
the position of this slit 5g. The Fresnel lenses 4g1 and 
4g2 condense light beams with a deviation of L therebe- 
tween in a direction perpendicular to the lengthwise- 
direction of the slit 5g, and are disposed so that the light 
beams are applied to the whole of the slit 5g for detect- 
ing the origin. The dividing Fresnel lens 4g may also be 
comprised of a dividing cylindrical lens. 
[0080] The slit 5g for producing the origin signal is 
of a shape divided into three. When as shown in the 
uppernnost slit is regarded as the reference, the disposi- 
tion is such that the second slit is shifted by P/6 and the 
third slit is returned to the same position as the upper- 
most slit. Although divided into three, the central portion 
works as the common portion of Za phase and Zb 
phase in Embodiment 7, and is a slit equivalently 
divided into four. That is, the uppermost slit of the slit for 
producing the origin signal corresponds to Za2 phase, 
the central slit corresponds to Zai phase and Zb2 
phase, and the lowermost portion corresponds to Zbl 



phase, and the sensor 6g divided into four is also dis- 
posed so as to correspond to Zai, Za2, Zbl, Zb2 
phases in conformity with the equivalent division of the 
divided slit. 

5 [0081] Signals of Zai, Za2, Zbl, Zb2 phases 
obtained from the four-division sensor 6g are shown in 
Fig. 32, and the subsequent signal processing can be 
effected in accordance with Figs. 33 to 35. It is the effect 
of the applied light divided into two that the three-divi- 
10 sion slit equivalently becomes a four-division slit and the 
origin signal as shown in Fig. 34 can be produced. 
There is also the effect that the slit for producing the ori- 
gin signal may be of a three-division and therefore man- 
ufacture is easy and the alignment during assembly is 
15 also easy. 

[0082] Fig. 40 shows the construction of the origin 
measuring sensor of an optical type rotary encoder 
according to Embodiment 10 of the present invention. 
Fig. 41 shows two slits for producing an origin signal 
20 and a four-division light beam applied to the slits, and for 
the convenience of description, the same constituent 
members as those in the previous embodiment are des- 
ignated by the same reference characters. The grating 
portion 7 is an-anged similarly to that shown in Fig. 21, 
25 and so, not shown. 

[0083] In Fig. 40, reference numeral 1 designates a 
light-emitting element, reference numeral 2 denotes a 
half mirror, reference character 3h designates a disc 
provided with a grating for an incremental signal and a 
30 slit for producing an origin signal, reference character 
4h denotes a dividing Fresnel lens for condensing a light 
beam into four linear beams, reference numeral 5h des- 
ignates a slit for producing an origin signal, reference 
numeral 6h denotes a light receiving element divided 
35 into four, and reference numeral 7 designates a grating 
portion for the incremental signal on the disc 3h, 
[0084] A light beam emitted from the light- emitting 
element 1 is bent by the half mirror 2, and is incident on 
the dividing Fresnel lens 4h. The dividing Fresnel lens 
40 4h is comprised of four Fresnel lenses 4h1, 4h2, 4h3 
and 4h4 having the action of a cylindrical lens, and 
forms a light beam extending in the same direction as 
the lengthwise direction of the slit 5h for producing the 
origin signal at the position of this slit 5h. The dividing 
45 Fresnel lens may also be comprised of a dividing cylin- 
drical tens. 

[OOiBS] The Fresnel lenses 4h1, 4h2, 4h3 and 4h4. 
correspondingly thereto, form light beams lOhl, 10h2, 
10h3 and 10h4 so as to be applied to the whole of the 

50 slit 5h for producing the origin signal. The light beams 
lOhl and 10h2 fomn a pair and the light beams 10h3 
and 1 0h4 form a pair, and they have a deviation of P/6 
in a direction perpendicular to the lengthwise direction 
of the light beams. Also, the light beams lOhl and 10h3 

55 form a pair and the light beams 10h2 and 1 0h4 form a 
pair, and they have a deviation of L -i- AL in a direction 
perpendicular to the lengthwise direction of the light 
beams. 
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[0086] The slit 5h for producing the origin sigh'al is 
of a simple construction comprising a line. 
[0087] The light beam 1 0hi corresponds to a signal 
of phase Zai , the light beam 1 0h2 corresponds to a sig- 
nal of Za2 phase, the light beam 1 0h3 corresponds to a s 
signal of Zbl phase, and the light beam 10h4 corre- 
sponds to a signal of Zb2 phase, and the signals of Zai , 
Za2, Zb1, Zb2 phases obtained from the four-division 
sensor 6h are shown in Fig. 32. The subsequent signal 
processing is the same as that shown in Figs. 33 to 35. io 
In the present embodiment, the slit for detecting the ori- 
gin may be a simple line, and this leads to the effect that 
manufacture is easy and the alignment during assembly 
is also easy. 

[0088] As a modification of the present embodi- rs 

ment, the four-division Fresnel lens may be comprised 
of only two-division Fresnel lenses 4h1 and 4h2 and the 
light beams 10h1 and 10h2 may be formed, and as 
shown in Fig. 42, a slit 5h' for producing the origin signal 
may be comprised of two lines spaced apart by a dis- 20 
tance L from each other. 

[0089] Fig. 43 shows the construction of the origin 
measuring sensor of a liner encoder according to 
Embodiment 11 of the present invention. For the con- 
venience of description, the same constituent members 25 
as those in the previous embodiment are designated by 
the same reference characters. 

[0090] In Fig. 43, reference numeral 1 designates a 
light-emitting element which is a monochromatic light 
source, reference numeral 8 denotes a collimator lens, 30 
reference numeral 2 designates a half mirror, reference 
character 3i denotes a scale provided with a grating for 
an incremental signal and a diffraction lens for produc- 
ing an origin signal, reference character 5ZPL desig- 
nates a diffraction lens for detecting the origin signal, 35 
reference character 6PD denotes a light receiving ele- 
ment, and reference numeral 7 designates a grating 
portion for the incremental signal on the scale 3i. 
■ [0091] A divergent light beam emitted from the light 
source 1 is made into a substantially parallel light beam 40 
by the collimator lens 8, is reflected by the half mirror 2 
and is applied to a track on the diffraction lens 5ZPL for 
producing the origin signal formed on the scale 3i. The 
diffraction lens 5ZPL comprises two diffraction lenses 
5ZPL1 and 5ZPL2, and is provided with reflecting film 45 
on an uneven phase grating on a transparent substrate 
so as to function as a reflection type diffraction grating. 
If by the movement of the scale, the diffraction lenses 
5ZPL1 and 5ZPL2 are present in an irradiated area, a 
reflected condensed light beam will be created and the 50 
irradiating light will travel in the direction of the original 
optical path thereof. 

[0092] The two diffraction lenses 5ZPL1 and 5ZPL2 
are spatially deviated relative to the direction of move- 
ment of the scale 3i. The diffraction lenses 5ZPL1 and 55 
5ZPL2 are integrally moved as a whole and therefore 
are moved in the space while their condensing positions 
keep a constant interval therebetween. In the embodi- 



ment Fig. 43. the diffraction lens 5ZPL is of a construc- 
tion having the effect of a cylindrical lens and therefore, 

the irradiating light beam is linearly condensed at a 
focus position, but if it is made into the construction of a 
circular ring-shaped diffraction lens, a point-like con- 
densed pattern can be obtained. 

[0093] In the present embodiment, four light receiv- 
ing elements 6PD1, 6PD2, 6PD3 and 6PD4 are dis- 
posed in a space through which the condensed light 
beams by the diffraction lenses 5ZPL1 and 5ZPL2 pass 
with the movement of the scale 3i. The light receiving 
elements 6PD1 and 6PD2 are arranged side by side in 
the direction of movement of the condensed light beam 
from the diffraction lens 5ZPL1, and the gap between 
the light receiving elements is set so as to be sufficiently 
smaller than the diameter (width) of the condensed light 
beam. In the construction of Fig. 43, the pair of light 
receiving elements 6PDI and 6PD2 and the pair of light 
receiving elements 6PD3 and 6PD4 are disposed adja- 
cent to each other and therefore, a light receiving ele- 
ment packaged as a four-division light receiving 
element can be used, 

[0094] Since as previously described, the two 
reflecting diffraction lenses 5ZPL1 and 5ZPL2 formed 
on the scale 3i are deviated relative to each other, the 
condensed light beam detected by the light receiving 
elements 6PD1 and 6PD2 and the condensed light 
beam detected by the light receiving elements 6PD3 
and 6PD4 deviate from each other by the amount of 
deviation between the reflecting diffraction lenses. 
[0095] Fig. 44 shows the output of each light receiv- 
ing element resulting from the movement of the scale 3i. 
When the scale 3i is moved, a light beam first enters the 
light receiving element 6PD1. When the movement fur- 
ther continues, the quantity of light incident on the light 
receiving element 6PD1 decreases and the incidence of 
the light on the light receiving element 6PD2 begins, 
and the light receiving elements 6PD1 and 6PD2 
become equal to each other and next, the quantity of 
light incident on the light receiving element 6PD2 
becomes maximum. 

[0096] The outputs of the light receiving elements 
6PD3 and 6PD4 follow similar progress, but in the light 
receiving elements 6PD1, 6PD2 and the light receiving 
elements 6PD3, 6PD4, it is a feature that the timings of 
their output deviate from each other. 
[0097] The signals from the light receiving elements 
6PD1, 6PD2. 6PD3 and 6PD4 are converted into digital 
signals by the processing circuit of Fig. 45. 
[0098] The outputs of the light receiving elements 
6PD1 and 6PD2 are added to each other (averaged) 
and converted into a mountain-shaped waveform by an 
operational amplifier OP1, whereafter a window wave- 
form W1 is made by reference potential VI. Also, an 
operational amplifier OP2 outputs a difference signal 
between the light receiving elements 6PD1 and 6PD2, 
and a differential binary waveform Z1 is made with a 
cross voltage V2 as the reference. 
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[0099] Likewise, tlie outputs of the light receiving ** 
elements '6PD3 and 6PD4 are added to each other 
(averaged) and converted into a mountain-shaped 
vyaveform by an operational amplifier OP3, whereafter a 
window waveform W2 is made by reference potential 5 
V3. Also, an operational amplifier OP4 outputs a differ- 
ence signal between the light receiving elements 6PD3 
and 6PD4, and a differential binary waveform Z2 is 
made with a cross voltage V4 as the reference. 
[01 00] The present embodiment is directed to make 10 
an origin signal waveform having a width equal to that of 
an incremental signal waveform of high resolving power 
and synchronized therewith and therefore, the timing of 
the cross between the light receiving elements 6PD1 
and 6PD2 and the timing of the cross between the light is 
receiving elements 6PD3 and 6PD4 are set so as to cor- 
respond to nearly a period of the incremental signal. 
When the logic sum (AND) of all of the converted out- 
puts Z1, W1, Z2 and W2 is calculated, there is made a 
waveform ZO linking the timings of the two crosses 20 
(cross points) together. The width of the waveform ZO is 
a width substantially equal to that of A phase signal of 
the incremental signal, and an A phase signal pulse is 
contained in a width of ZO, ZO is an origin signal gener- 
ating position area which outputs the origin signal. 25 
[0101] The encoder may intactly output ZO as the 
origin signal, and may further output a waveform ZA tak- 
ing the logic sum of the incremental A phase signal and 
the ZO signal. 

[0102] In the present embodiment, the detection of 30 
the two cross point positions by the two diffraction 
lenses can be done, and an origin signal Z or ZA syn- 
chronized with the incremental signal (A phase) of high 
resolving power can be made by the subsequent 
processing circuit The mutual position adjustment of 35 
the cross points prescribing the two edges of the origin 
signal ZO and the incremental signal (A phase) can be 
effected by adjusting the relative position of the entire 
package of the light receiving elements 6PD. 
[0103] In Fig. 43 showing Embodiment 11, there 40 
has been shown a construction in which a reflected con- 
densed light beam is created by the diffraction lens 5PD 
and is detected by the light receiving elements disposed 
on the light source side through the half mirror, but a 
construction in which the diffraction lens is made into a 45 
transmitting type can also be realized easily. In the case 
of the diffraction lens of the transmitting type, uneven 
phase grating structure is provided on a transparent 
substrate, and the light receiving elements are disposed 
on the side opposite to the light source. With regard to so 
the subsequent detection and processing, the same 
process as that in the reflection type can be adopted. 
[0104] The present embodiment can be applied not 
only to a linear encoder, but also to a rotary encoder. 
Also, a substantially parallel light beam can be applied 55 
onto the scale or the disc to thereby detect the origin 
signal with high resolving power and therefore, as com- 
pared with the type in which a light beam is condensed 



on' the scale or the disc, there is the effect that a con- 
struction which is strong in an error in the direction of 
gap can also be adopted. 

[0105] In the encoders described above, basically 
two or more detection signals are utilized to determine 
the pulse signal, and this leads to the feature that the 
reproducibility of the two edges of a signal having origin 
information is good and it is easy to form a minute sig- 
nal. 

[0106] Particularly in a construction wherein four 
signals are generated and a signal having origin infor- 
mation is made from the differential signal of these four 
signals, the stability of environment becomes good with- 
out being affected by any fluctuation in the quantity of 
light of the light source and it becomes possible to more 
easily take synchronism with the incremental signal. 
[0107] Referring now to Fig. 46 which is a perspec- 
tive view of an origin detecting apparatus according to 
Embodiment 12 of the present invention, a collimator 
lens 21 and a beam splitter 22 are arranged forwardly of 
a light emitting element 20, and a mirror 23 is disposed 
in the direction of reflection of the beam splitter 22. Half 
mirrors 24a and 24b are disposed in the direction of 
transmission of the beam splitter 22 and the direction of 
reflection of the mirror 23, respectively, and cylindrical 
lenses 25a and 25b are disposed in the directions of 
reflection of these half mirrors 24a and 24b. A disc 28 
formed with radially arranged gratings 26 for a rotational 
displacement signal and slits 27 for detecting the origin, 
as shown in Fig. 47, are disposed in the directions of 
transmission of the cylindrical lenses 25a and 25b. Two- 
division sensors 29a and 29b comprising two light 
receiving element for receiving light beams reflected by 
the slits 27 are disposed above the half mirrors 24a and 
24b, respectively. 

[0108] A light beam emitted from the light emitting 
element 20 is made into a parallel light beam by the col- 
limator lens 21 , and is incident on the beam splitter 22. 
In the beam splitter 22, the light beam is divided into 
two, and one light beam is directed to the half mirror 24a 
and is bent by the half mirror 24a, and is incident on the 
cylindrical lens 25a. The other light beam is reflected by 
the mirror 23, and is further bent by the half mirror 24b 
and is incident on the cylindrical lens 25b. 
[0109] By the cylindrical lenses 25a and 25b, the 
light beams are condensed on the side on which the 
slits 27 for detecting the origin are formed and arrive at 
the disc 28. When the disc 28 is rotated and as shown 
in Fig. 48, the slits 27 come to the applied positions of 
the light beams S, the light beams S are reflected by the 
slits 27 and again return along the cylindrical lenses 
25a, 25b and the half mirrors 24a, 24b, and are imaged 
on the two-division sensors 29a and 29b. Origin outputs 
as shown in Fig. 49 which corresponds to Fig. 48 are 
obtained from the two-division sensors 29a and 29b. 
[0110] The slits 27 for detecting the origin are 
divided into two as shown also in Fig. 50, and marks 
lying on the same side are disposed at diagonal posi- 
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tions with a deviation of X ± P therebetween. Here', X is 
an arbitrary length, and P is the length of a period of the 
rotational dlsplacennent signal. Accordingly, two marks 
Za1 and 2b1 for determining the position of the origin 
signal are disposed with a deviation of the length X rel- 5 
ative to the respective light beams, and marks Za2 and - 
Zb2 are also disposed with a deviation of the length X 
relative to the respective light beams. The marks Zai 
and 2a2 and the marks Zbl and Zb2 are disposed with 
a deviation of the length P therebetween relative to a 10 
segment passing through the center of the disc 28. 
[0111] When the light beams from the cylindrical 
lenses 25a and 25b irradiate the slits 27, if the light 
beams S irradiating these marks Zai to Zb2 are on the 
diagonal, those light beams are received by each two 15 
light receiving elements of the two-division sensors 29a 
and 29b, whereby there are obtained four signals of Zai 
phase, Za2 phase. Zbl phase and Zb2 phase having 
phase shifts X and P as shown in Fig. 51 A. 
[0112] Here, when a rectangular wave origin signal 20 
is made by the use of these four origin position signal 
Zai phase, Za2 phase, Zbl phase, Zb2 phase, it 
becomes Z signal of which the rectangular portion is P 
as shown in Fig. 51 B, and becomes A signal as when a 
rectangular wave signal is made from a rotational dis- 25 
placement signal B shown in Fig. 51 C. By taking the 
theoretical sum of these A signal and Z signal, synchro- 
nism can be taken between the rotation displacement 
signal which is a rectangular wave signal and the origin 
signal. 30 
[0113] Figs. 52 and 53 show a case where a posi- 
tional deviation such as eccentricity has occurred to the 
disc 28 by 5, for example, in the direction of the X-axis, 
and the outputs from Za2 phase and Zb1 phase, as 
compared with the origin signal when the disc is not 35 
eccentric, are put out with an advance of 6 relative to the 
angle of rotation, while on the other hand, Zai phase 
and Zb2 phase are outputted likewise with a delay. In 
Fig. 54A, the solid line represents the output before the 
disc 28 becomes eccentric, and the dotted line repre- 40 
sents the output when the disc 28 is eccentric. As can 
be seen from this, by using a mark in which a set of sig- 
nals are diagonally disposed in order to determine the 
rising or falling position of the rectangular wave signal of 
the origin output, the two signals in the one set move by 45 
a distance 5 in just opposite directions. As the result, the 
position of the point of intersection between the signals 
which determine the rising or falling of this rectangular 
wave origin signal comes not to fluctuate as shown in 
Figs. 548 and 54C, and a stable origin signal is so 
obtained. 

[0114] Fig. 55 is a perspective view of Embodiment 
13 of the present invention, and Fig. 56 is a plan view of 
a disc. In the present embodiment, slits 27a and 27b for 
detecting the origin are disposed at different positions r2 55 
> r1 relative to the radial direction of a disc 28 and there- 
fore, an origin signal is such that a signal of a pulse is 
outputted for one full rotation of the disc 28. An optical 



system for applying light beams to these slits 27a and 
27b for detecting the origin Is of a construction similar to 
that of Fig. 1 , and as in Embodiment 1 2, four phase shift 
signals of Zai phase, Za2 phase. Zbl phase and Zb2 
phase as shown in Figs. 51 A to 51C are obtained, and 
by taking the theoretical sum of the rectangular wave 
signal Z of an origin displacement signal as shown in 
Fig. 518 and the rectangular wave signal A of a rota- 
tional displacement signal B shown in Fig. 51 C from 
these four origin position signals Zai, Za2, Zbl, 2b2, 
the synchronism between the rectangular wave signals 
Z and A can be taken. 

[01 15] Here, when the disc 28 deviates in the direc- 
tion of the X-axis due to eccentricity or the like, two sig- 
nals in a set move in just opposite directions as 
indicated by arrows as shown in Fig. 54A and therefore, 
the position of the point of intersection between signals 
determining the rising and falling of the origin signal is 
offset and comes not to fluctuate. Further, even if the 
disc 28 deviates in the direction of the Y-axis, the inter- 
val between the light beam and the slits 27a, 27b for 
detecting the origin does not change and therefore, the 
output timing of the signal does not change, and like- 
wise the origin position signal is outputted with good 
accuracy, and it becomes easy to take the synchronism 
with the rotational displacement signal. 
[0116] Fig. 57 is a perspective view of Embodiment 
1 4 of the present invention, and Fig, 58 is a plan view of 
a disc. In the present embodiment, each of cylindrical 
lenses 25a and 25b is divided into two, and they are dis- 
posed with a distance L therebetween. The cylindrical 
lenses 25a and 25b may be two-division zone plates, 
[0117] A light beam emitted from a light-emitting 
element 20 is made into a parallel light beam by a colli- 
mator lens 21, and enters a beam splitter 22. The light 
beam is divided into two there, and one light beam 
impinges on and is bent by a half mirror 24a, and is inci- 
dent on a cylindrical lens 25a. The other light beam is 
bent by a mirror 23. is bent by a half mirror 24b, and is 
incident on a cylindrical lens 25b. The light beams which 
have entered the cylindrical lenses 25a and 25b are 
condensed in the same direction relative to slits 27 for 
detecting the origin, and become light beams S of which 
the condensed positions deviate by a distance L from 
each other, and are incident on a disc 28. 
[0118] When the disc 28 is moved and the slits 27 
for detecting the origin come to the applied positions of 
the light beams S, the light beams S are reflected by the 
slits 27. and the reflected light beams reversely return 
along the optical paths and enter light receiving sensors 
29a and 29b, and an origin output is obtained. As shown 
in Fig. 58, the slits 27 for detecting the origin are each 
divided into two and are disposed with a deviation of an 
arbitrary length X and the length P of a period of the 
rotational displacement signal therebetween and there- 
fore, when the light beams S are applied to the slits 27, 
there are obtained four signals of Za1 phase, Za2 
phase, Zb1 phase and 2b2 phase having phase shifts P, 
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L - X and L + P - X as shown in Fig. 60A. 
[0119] Here, when a rectangular wave origin signal 
is made by the use of the four origin position signals 
Za1 , Za2, 2b1 , Zb2, it becomes the Z signal of Fig. 60B 
of wo:ch the rectangular portion is R By taking the theo- 
reticai sunn by this origin position signal Z and the rec- 
tangular wave signal A of the rotational displacennent 
signal, the synchronism between the rotational dis- 
placement signal and the origin signal can be taken. 
[0120] Further, when the disc 28 is rotated by 180° 
and comes to a position in which as shown in Fig. 60C, 
the light beam irradiates the upper mark, the intervals 
among the signal outputs of the origin position signals 
Za1 , Za2, Zbl , Zb2 become P, L -i- X and L + X + P . At 
this time, the signals of Za1 phase and Zbl phase and 
the signals of Za2 phase and Zb2 phase which deter- 
mine the origin position do not intersect with each other 
and therefore, an origin rectangular wave signal is not 
outputted. That is, even if the marks 27 determining the 
position of the origin exist on the same radius of the disc 
28, the irradiating light beam and the origin marks 27 
are disposed with a deviation therebetween as shown in 
Fig. 58, whereby there can be constructed an optical 
system which puts out an origin output of a pulse when 
the disc 28 has made one full rotation. 
[0121] Here, among the length L of the deviation of 
the condensed positions of the light beams, the amount 
of deviation X between the origin marks, the width W2 of 
the light beam and the width „W1 of the marks, there is 
established the relation that L + X > W1 + W2 . Accord- 
ingly, it will be seen that if the width W2 of the light beam 
on the disc 28 is 8 ^.m and the width W1 of he marks is 
1 6 ^im and X is 6 |im, L must be 1 8 |Lim or greater. 
[0122] If the slits 27 for detecting the origin are dis- 
posed as shown in Fig. 59, the two marks Zai and Zbl 
for determining the position of the origin signal are dis- 
posed with a deviation of a distance L to X relative to the 
respective light beams, and the marks Za2 and Zb2 are 
also disposed with a deviation of L to X relative to the 
respective light beanns, as shown in Fig. 60A. Since the 
marks Zai and Za2 and the marks Zbl and Zb2 are dis- 
posed with a deviation of P relative to a segment pass- 
ing the center of the disc 28, the origin rectangular wave 
signal obtained is Z signal of which the rectangular por- 
tion is P. 

[0123] If in Fig. 57, the disc deviates in the direction 
of the X-axis due to eccentricity or the like, Za2 phase 
and Zb1 phase are outputted with an advance of 5 rela- 
tive to the angle of rotation and Zai phase and Zb 
phase are likewise outputted with a delay, as compared 
with the origin signal when the disc is not eccentric, as 
shown in Figs. 54A to 54C, because the slits 27 which 
are the pair of the pair signals which detemnine the ris- 
ing and falling of the rectangular signal are provided on 
the opposite sides of the disc 28. As the result, the two 
signals in a set move in just opposite directions and 
therefore, the position of the point of intersection 
between the signals which determine the rising or falling 



of tVie origin signal comes not to fluctuate, and a stable 
origin signal is obtained. Also, even when the disc devi- 
ates in the direction of the Y-axis of Fig. 57, the interval 
d between the light beam of Fig. 58 and the slits 27 for 

5 detecting the origin does not vary and therefore, the tim- 
ing at which the signal comes out does not vary and a 
stable origin signal is outputted. Thereby, the origin 
position signal is outputted with good accuracy and it 
becomes easy to take synchronism with the rotational 

10 displacement signal. 

[0124] Fig. 61 is a perspective view of Embodiment 
15 of the present invention, and Fig. 62 is a plan view of 
a disc. In the present embodiment, diffraction gratings 
27' for detecting the origin are provided at two locations 

15 on the disc 28, and two-division sensors 29a and 29b 
are disposed on the side opposite to a light source 20 
with respect to the disc 28. When the disc 28 is moved 
and the diffraction gratings 27' come to the applied posi- 
tions of light beams, the light beams are diffracted and 

20 enter the two-division sensors 29a and 29b and an ori- 
gin output is obtained. Accordingly, in the same manner 
as in Embodiment 1 4, the synchronism between the ori- 
gin position signal and the rotational displacement sig- 
nal can be taken. 

25 [0125] As described above, phase gratings are 
used as the marks for detecting the origin provided on 
the disc 28, whereby the quantity of light for the detec- 
tion of the origin is increased and an origin signal of a 
good SN ratio is obtained, and since only the gratings 

30 are formed on the disc 28, the manufacture of the disc 
becomes easy Also, by making the pitch of the gratings 
into a desired value, the angles of diffracted light beams 
can be adjusted to thereby mitigate the influence of 
stray light. 

35 [0126] While in the above-described embodiment, 
the rising and falling of the rectangular wave signal are 
determined from the position of intersection between 
the two detection signals, the rising and falling of the 
rectangular wave signal may be determined from the 

40 position of intersection between the respective detec- 
tion signals of two marks disposed substantially sym- 
metrically about the center of rotation and a slice level. 
[0127] The rotary encoder described above can 
produce a signal having origin information which does 

45 not depend on the fluctuation in the mark detected posi- 
tion due to an en'or such as the eccentricity of the disc, 
and can effect the determination of the origin position of 
an accurate and minute width by the use of this signal. 
Also, since the construction is simple, assembly is easy 

50 and it becomes possible to achieve downsizing, and 
since the encoder is an origin detecting system which 
does not depend on the eccentricity of the disc, the 
incorporation of the disc becomes easy. Further, the ori- 
gin signal is stably outputted irrespective of the eccen- 

55 tricity of the disc and therefore, the synchronism with 
the rotational displacement signal can be taken easily, 
[0128] An optical type encoder includes a light- 
emitting element, a scale, a light receiving element for 
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detecting light from the scale when a light beam from 
the light-emitting element is projected onto the scale, an 
incremental signal resulting from displacement of the 
■scale being obtained by detection by the light receiving 
element, two or more mark portions for producing an 
origin signal formed on the scale, and an origin detect- 
ing system for detecting the mark portions for producing 
the origin signal. The rising position or the falling posi- 
tion of at least one pulse signal indicative of the origin is 
determined by the detection signals of the two or more 
mark portions for producing the origin signal by the ori- 
gin detecting system. 

Claims 

1. An optical type encoder comprising: 

a light-emitting element; 

a scale; 

a light receiving element for detecting light from 
said scale when a light beam from said light- 
emitting element is projected onto said scale, 
an incremental signal resulting from the dis- 
placement of the scale being obtained by 
detection by said light receiving element; 
two or more mark portions for producing an ori- 
gin signal formed on said scale; and 
an origin detecting system for detecting said 
mark portions for producing the origin signal, 
the rising position and the falling position of at 
least one pulse signal indicative of the origin 
being determined by the detection signals of 
said two or more mark portions for producing 
the origin signal by said origin detecting sys- 
tem. 

2. The apparatus of Claim 1, wherein the pulse width 
of said pulse signal is substantially equal to the 
pulse width of a pulse of said incremental signal. 

3. The apparatus of Claim 1 , wherein the logic sum of 
the differential signal of said two or more detection 
signals and said incremental signal is taken, 
whereby the origin signal is made. 

4. The apparatus of Claim 1, wherein each of said 
mark portions for producing the origin signal has 
two or more marks deviated from each other by a 
predetermined distance, and said origin detecting 
system has light receiving elements for independ- 
ently detecting respective ones of said two or more 
marks. 

5. The apparatus of Claim 4, wherein said two or more 
marks are provided to have positional deviation 
from each other relative to the direction of relative 
movement of said scale. 



• 6. The apparatus of Claim 5, wherein said origin 
detecting system has means for projecting light 
beams equally onto said two or more marks. 

5 7. The apparatus of Claim 6, wherein said two or more 
marks are two or more slit marks provided with their 
positions deviated from each other by a specific dis- 
tance relative to the direction of relative movement 
of said scale, and a light beam of a slit-shaped illu- 
10 minating area is applied to said slit marks. 

8. The apparatus of Claim 6, wherein said two or more 
marks are two or more diffraction lenses provided 
with their positions deviated from each other by a 

15 specific distance relative to the direction of relative 
movement of said scale, and a substantially parallel 
light beam is applied to said diffraction lenses. 

9. The apparatus of Claim 1, wherein said origin 
20 detecting system has means for projecting a plural- 
ity of light beams onto said mark portions for pro- 
ducing the origin signal, and has a plurality of light 
receiving elements for independently detecting sig- 
nals from respective ones of said plurality of light 

25 beams in conformity with the number of the light 
beams. 

10. The apparatus of Claim 9, wherein said plurality of 
light beams have a positional deviation therebe- 

30 tween relative to the direction of relative movement 
of said scale. 

11. The apparatus of Claim 10, wherein the amount of 
relative positional deviation between said plurality 

35 of light beams is adjustable. 

12. The apparatus of Claim 10, wherein said plurality of 
light beams forni a slit-shaped illuminating area, 
and are applied to the slit-shaped marks of said 

40 mark portions for producing the origin signal. 

13. The apparatus of Claim 12, wherein said slit- 
shaped illuminating area is formed by a cylindrical 
tens. 

45 

14. The apparatus of Claim 12. wherein said slit- 
shaped illuminating area is formed by a Fresnel 
lens. 

50 15. The apparatus of Claim 9, wherein said plurality of 
light beams are adapted to be applied equally to the 
marks of said mark portions for producing the origin 
signal. 

55 16. The apparatus of Claim 4, wherein said origin 
detecting system has means for projecting a plural- 
ity of light beams onto said mark portions for pro- 
ducing the origin signal, and has a plurality of light 
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receiving elements for independently detecting a 
predeternnined number of signals created by the 
connbination of said two or more marks and said 
plurality of light beams. 

17. The apparatus of Claim 16, wherein said two or 
more marks and said plurality of light beams are 
disposed with their positions deviated relative to the 
direction of relative movement of said scale. 

18. The apparatus of Claim 17, wherein the amount of 
relative positional deviation between said plurality 
of light beams is adjustable. 

19. The apparatus of Claim 1 6, wherein said plurality of 
light beams are adapted to be applied equally to 
said two or more marks. 

20. The apparatus of Claim 19, wherein said two or 
more marks is two or more slit marks provided with 
a deviation of a predetermined interval therebe- 
tween, and the plurality of light beams of a slit- 
shaped illuminating area are applied to said slit 
marks. " 

21. The apparatus of Claim 20, wherein said slit- 
shaped illuminating area is fonned by a cylindrical 
lens. 

22. The apparatus of Claim 20, wherein said slit- 
shaped illuminating area is formed by a Fresnel 
lens. 

23. The apparatus of Claim 5, wherein when the period 
of the grating of said scale for producing said incre- 
mental signal is P, said two or more marks is two slit 
marks between which the deviation is P/6, and said 
origin detecting system determines the rising of a 
signal providing the origin signal by the use of two 
detection signals produced from said two slit marks 
when a single light beam having a slit-shaped illu- 
minating area is applied to said two slit marks. 

24. The apparatus of Claim 10, wherein each of said 
mark portions for producing the origin signal is 
comprised of a single slit, and when the period of 
the grating of said scale for producing said incre- 
mental signal is P. said origin detecting system 
applies to said slits light beams of two slit-shaped 
illuminating areas between which the deviation is 
P/6 and determines the rising of a signal providing 
the origin signal by the use of two detection signals 
produced from said two light beams. 

25. The apparatus of Claim 5, wherein when the period 
of the grating of said scale for producing said incre- 
mental signal is Pb, said two or more marks are two 
slit marks between which the deviation is X • Pb, 



*said scale has two groups having an aniount of 
deviation L with said two marks as a group, and 
said origin detecting system determines the rising 
- and falling of a signal providing the origin signal by 
5 the use of the differential signal of four detection 

signals produced from said four slit marks when a 
single light beam having a siit-shaped illuminating 
area is applied to said four slit marks. 

10 26. The apparatus of Claim 25, wherein said amount of 
deviation X • Pb satisfies O.SPb < X • Pb < 1.5Pb . 

27. The apparatus of Claim 17, wherein when the 
period of the grating of said scale for producing said 

15 ' incremental signal is Pb, said two or more marks 
are two slit marks between which the deviation is 
X • Pb, said scale has two groups having an amount 
of deviation L with said two marks as a group, and 
said origin detecting system determines the rising 

20 and falling of a signal providing the origin signal by 
the use of the differential signal of four detection 
signals produced from said four slit marks when two 
light beams having slit-shaped illuminating areas 
deviated from each other by an amount of deviation 

25 5P are applied to said four slit marks so as to corre- 
spond to the respective groups. 

28. The apparatus of Claim 27, wherein said amount of 
deviation X • Pb satisfies 0.5Pb < X - Pb < 1.5Pb . 

30 

29. The apparatus of Claim 28, wherein the amount of 
deviation 6P between said two light beams is 
adjustable. 

35 30. The apparatus of Claim 5, wherein when the period 
of the grating of said scale for producing said incre- 
mental signal is P, said two or more marks are two 
slit marks between which the deviation is P/6, said 
scale has two groups having an amount of deviation 

40 L with said two marks as a group, and said origin 

detecting system determines the rising and falling 
of a signal providing the origin signal by the use of 
the differential signal of four detection signals pro- 
duced from said four slit marks when a single light 

45 beam having a slit-shaped illuminating area is 
applied to said four slit marks. 

31. The apparatus of Claim 1, wherein each of said 
mark portions for producing the origin signal is pro- 

50 vided with a diffraction lens, and said origin detect- 
ing system applies a substantially parallel light 
beam to each of said diffraction lenses and detects 
each of two condensed light beams obtained from 
said two diffraction lenses by a two-division light 

55 receiving element, and determines the rising and 
falling of a signal providing said origin signal from 
the differential signal of said two-division light 
receiving elements. 
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32. The apparatus of Claim 31, wherein the logic Sum 
of said differential signal and said incremental sig- 
nal is taken, whereby said origin signal is obtained. 

33. The apparatus of Claim 32, wherein said diffraction 
lenses are disposed with a deviation in the direction 
of relative movement of said scale. 

34. The apparatus of Claim 33, wherein said two sets of 
two-division light receiving elements constitute a 
four-division light receiving element. 

35. The apparatus of Claim 31 , wherein the diffraction 
lenses on said scale are of a construction in which 
reflecting film is provided on phase grating struc- 
ture. 

36. The apparatus of Claim 31 . wherein the diffraction 
lenses on said scale have phase grating structure. 

37. The apparatus of Claim 1, wherein said scale is of 
a disc construction having a periodic grating for 
detecting rotational displacement, and said mark 
portions for producing the origin signal are provided 
at positions substantially symmetrical with respect 
to the center of said disc. 

38. The apparatus of Claim 37, wherein each of said 
mark portions for producing the origin signal has 
two or more marks deviated from each other by a 
predetermined distance in the direction of rotation. 

39. The apparatus of Claim 38, wherein said origin 
detecting system has light receiving elements for 
independently detecting respective ones of said 
two or more marks. 

40. The apparatus of Claim 37, wherein by said origin 
detecting system, two or more variation signals are 
obtained at a predetermined rotational position 
from respective ones of said mark portions for pro- 
ducing the origin signal, and of four or more varia- 
tion signals obtained by the rotation of said disc, by 
the use of one or more signals outputted from each 
of said substantially symmetrical positions, the ris- 
ing position or the falling position of at least one 
pulse signal indicative of the origin is determined. 

41. The apparatus of Claim 37, wherein a pulse signal 
indicative of the origin detemnined by two or more 
variation signals obtained from respective ones of 
said mark portions for producing the origin signal by 
said origin detecting system and at least one dis- 
placement measuring signal by said periodic grat- 
ing are synchronized with each other. 

42. The apparatus of Claim 37, wherein said mark por- 
tions for producing the origin signal are line-sym- 



metrical with respect to a segment passing the 
center of said disc, and are disposed with a devia- 
tion relative to the direction of rotation of said disc. 

5 43- The apparatus of Claim 42, wherein said origin 
detecting system is of a substantially straight line 
shape containing the center of said disc and light 
beam applying positions are disposed so as to 
sandwich said center therebetween. 

10 

44. The apparatus of Claim 37, wherein said mark por- 
tions for producing the origin signal are disposed on 
the opposite sides of the center of said disc and 
with the radial positions of said disc made different 

15 from each other. 

45. The apparatus of Claim 37, wherein of four or more 
variation signals obtained from said two or more 
mark portions for producing the origin signal by said 

20 origin detecting system, by the use of two signals 
once intersecting with each other during one full 
rotation of said disc, the rising position or the falling 
position of at least one pulse signal indicative of the 
origin is determined. 

25 

46. The apparatus of Claim 37, wherein said mark por- 
tions for producing the origin signal are provided 
with a diffraction grating for deflecting a light beam. 

30 47. A scale for an encoder comprising: 

a scale substrate; 

a grating portion for producing an incremental 
signal provided on said scale substrate; and 
35 an origin signal producing portion provided on 

said scale substrate, said origin signal produc- 
ing portion having a construction for producing 
four or more variation signals in a state differing 
by the displacement of the scale. 

40 

48. The scale of Claim 47, wherein said scale substrate 
is for linear type. 

49. The scale of Claim 47. wherein said scale substrate 
45 is for rotary type. 

50. An optical type encoder for optically reading the dis- 
placement of a scale, comprising: 

50 a light-emitting element; 

a light receiving element for detecting light from 
the scale when a light beam from said light- 
emitting element is projected onto said scale, 
an incremental signal resulting from displace- 

55 ment of the scale being obtained by detection 

by said light receiving element; and 
an origin detecting system, four or more varia- 
tion signals for producing an origin signal being 
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obtained by detecting operation for said scale " 
by said origin detecting systenn. 
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